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The  sequence  of events leading  to  the  development of fever following  the 
intravenous injection of a  bacterial pyrogen has been extensively studied  (1). 
A  profound  granulocytopenia develops immediately after injection  and  usually 
continues  for  at  least  an  hour;  this  is  followed  within  a  few  hours  by  a 
marked leucocytosis.  It has been suggested  that  injured  leucocytes may release  a 
pyrogenic substance that accounts at least in part for the fever (2). Strong support 
for this viewis obtained from the previous demonstration that extracts of granulocytes 
are pyrogenic (3, 4), and that bacterial endotoxin stimulates the release of leucocytic 
pyrogen in vitro (5).  Furthermore,  during  the  course  of endotoxin-induced  fever a 
circulating  endogenous  pyrogen has  been  demonstrated  which  possesses  biological 
characteristics indistinguishable from those of leucocytic pyrogen (6). 
In recent years various pyrogens, termed endogenous because they appear to arise 
from the tissues  of the host, have been described  (3-12).  These include  extracts of 
polymorphonuclear leucocytes, the cell-free fluid of sterile peritoneal exudates (3, 4), 
and endogenous  pyrogen in the serum of animals following the injection of bacterial 
endotoxins (6). The sequence  of events leading to the production of fever following 
injection  of  these  substances  has  received little  attention.  It has previously been 
thought by workers in this field that endogenous  pyrogens do not produce significant 
leucopenia  after  intravenous  injection  (13). 
The present studies demonstrate a marked leucopenia following the injection 
of serum endogenous pyrogen into normal recipient rabbits.  A  comparison is 
also  made  between  the  effects  upon  circulating  leucocytes  of  equal  fever- 
producing doses of various endogenous pyrogens with correspondingly pyrogenic 
amounts  of bacterial  endotoxin. 
Methods 
GeneraL--Male albino rabbits weighing 5 to 8 pounds were used in all experiments. They 
were housed in the same constant-temperature room (70 to 72°F.) where the fever studies were 
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performed. All glassware, sand, and needles were subjected to dry heat at 170°C.  for 2 hours 
in order to inactivate contaminating bacterial pyrogens. Physiologic salt solution (0.85  per 
cent NaC1) was made with doubly distilled water and was tested at intervals for pyrogenicity. 
All pools of serum, plasma, and material from acute peritoneal exudates were checked for 
sterility. 
Collection o/ Specimens.--Specimens  of  blood  and  peritoneal exudate  were  taken  from 
suitably prepared groups of donor rabbits to be tested for their effects upon the temperature 
and circulating leucocytes of normal recipient rabbits following intravenous injection. 
(a)  Blood.--Donor  animals received a  standard injection of  1 ml. of undiluted typhoid 
vaccine, monovalent reference standard NRV-LS No. 1, made from Salmonella typhosa V-58.1 
These rabbits were then bled 2 hours later by intracardiac puncture, using 18 gauge needles 
and 50 ml. syringes. Serum was collected by allowing blood to clot at room temperature for 
1 hour; after overnight storage at 4°C., the serum was removed and cleared by centrffugation. 
Plasma was collected in the same manner except that the blood was prevented from clotting 
with heparin3 The samples of serum and plasma were separately pooled.  Pools of normal 
serum and plasma were obtained by this method from groups of donor rabbits that had not 
been injected with typhoid vaccine. 
(b)  Acute  Inflammatory  Exudates.--Acute  peritonitis was  established  in  rabbits  by  a 
method similar to that previously described (14). Each rabbit was placed on its back, and its 
abdomen was shaved with electric clippers. Through a small skin incision an 18 gauge needle 
was inserted into the peritoneal cavity, and 300 ml. of physiologic saline containing a  few 
grains of Berkshire white sand were injected in less than 5 minutes with a  50 ml. syringe. 
The rabbit was returned to its cage where food and water were subsequently withheld. 
Six hours later each rabbit was sacrificed with pentobarbital injected intravenously, and 
its peritoneal cavity opened with a midline incision. The fluid exudate was removed by gentle 
suction through a 10 ml. pipette. All exudates were collected in 40 ml. centrifuge tubes packed 
in ice. Leucocyte counts were made on samples taken directly from the peritoneal cavity. 
Cells and supernatant fluid were separated by centrffugation at 625 g for 20 minutes at 4°C. 
A tingle pool was formed from the specimens of supernatant fluid. Leucocytes were collected 
by centrifugation of a volume of fluid from each donor that would yield a total count of 400 
to 600 million. 20 ml. of pyrogen-free saline were then added to each sample of packed leuco- 
cytes and the specimen was alternately frozen and thawed six times in order to extract the 
leucocytes. The cellular debris was then cleared by centrifngation at 625 g for 20 minutes. 
Bacterial Pyrogen.--The degree of leueopenia produced by a bacterial endotoxin is known 
to be related to the amount of pyrogen injected (1).  In order to compare the effects upon 
circulating leucocytes of equal fever-producing doses of a  bacterial endotoxin and the endog- 
enous pyrogens it was necessary to dilute the typhoid  vaccine.  Undiluted  typhoid  vaccine 
and dilutions of 1: 20 and 1: 200 all produced the same amount of maximum fever in recipient 
rabbits. When the typhoid vaccine was further diluted to  1:2000 a  somewhat lesser fever 
resulted which was comparable in magnitude to that produced by the endogenous pyrogens 
used in these experiments (see Fig. 5). 
Assay of Pyrogen.--Each  sample was tested for pyrogenic activity and its effect on circu- 
lating leucocytes by intravenous injection into recipient rabbits. Each rabbit was placed in a 
metal stall, secured by a loose fitting collar, and rectal temperatures were taken at intervals 
by means of a  thermistor inserted into the rectum (telethermometer, Yellow Springs Instru- 
ment Co., Yellow Springs, Ohio). The recipient rabbits were placed in the stalls for a period 
of 5 to 6 hours on at least 3 successive days, usually longer, prior to each experiment in order 
1 From the same lot as used in previous experiments (8, 15). 
2 Heparin sodium, 0.04 mg. was added per ml. of blood. ~.  re.  xn¢o  811 
to insure a reproducible response. Prior to injection of the test substance,  3 or 4 temperature 
readings were made at 30 minute intervals to establish a baseline. Rabbits exhibiting variations 
of more than 0.3°C., or initial temperatures of more than 39.8°C., or less than 38.6°C., on 
the day of the experiment were not injected. Temperature readings  were  taken  every  5 
minutes for the 1st hour following the injection, and every 15 minutes thereafter. The febrile 
response  of each recipient was measured as a fever index,  and the mean fever index was 
calculated for each sample. 
Calculation of Fever Index.--The fever index was calculated as previously described (14). 
A numerical value, representing both the height and duration of the fever, was thus obtained 
for each animal. The mean value for each sample was calculated by averaging individual 
fever indices from each group of recipients. 
Leucocyte Counts.--Leucocyte counts  were  performed on  recipient rabbits immediately 
prior to injection and at intervals of 5, 15, 30,  60, 120, 180, 240, and 300 minutes after ad- 
ministration of the test sample. In order to demonstrate the consistency  of  the results ob- 
tained all leucocyte counts performed in these experiments  are recorded  in Table I.  The 
mean leucocyte counts for each group are shown by the points on Figs. 1, 2, and 4. Rabbits 
with initial counts of less than 6,000 or more than 13,000 were not used.  Differential  white 
cell counts were made, using Wright's stain and counting a total of 200 cells. 
RESULTS 
The Effect  of Endogenous Pyrogen  in Serum  (2 Hour Serum)  from  Donor 
Rabbits on the Level of Circulating Leucocytes in Normal Recipient Rabbits.--The 
mean response of circulating leucocytes in 6 normal rabbits to the intravenous 
administration of 20 ml. of endogenous pyrogen in serum is shown in Fig.  1. 
The mean response of 6  normal rabbits to the same dose of normal serum is 
shown for comparison. Injection of endogenous pyrogen in serum resulted in a 
consistent, brief, and marked drop in total circulating leucocytes at 5 minutes, 
followed by a marked leucocytosis evident within 2 hours. In contrast the same 
dose of normal  serum  produced a  small and  inconsistent drop in  circulating 
leucocytes, which was not followed by a  significant leucocytosis. 
The Effect of Endogenous Pyrogen in Plasma  (2 Hour Plasma)  From Donor 
Rabbits on the Levd of Circulating Leucocytes in Normal Recipient Rabbits.--in 
order to test the possibility that the leucocytic changes might be due to some 
factor elaborated during the process of blood clotting, and hence present only 
in pyrogenic serum,  the  above  experiments  were  repeated using  heparinized 
plasma? The results are shown in Fig. 2; endogenous pyrogen in plasma also 
produced  a  marked,  brief,  leucopenia  followed  by  a  leucocytosis.  Normal 
plasma, however, produced no detectable effect on circulating leucocytes when 
injected in  the  same  manner. 
The Effect of Endogenous Pyrogen in Serum From Donor Rabbits on the Level 
of Circulating Granulocytes in Normal Recipient Rabbits.--The rabbit granulocyte 
is known to be a source of endogenous pyrogen. Efforts to demonstrate a similar 
8 Attempts to use plasma prepared with ethylenediaminetetraacetic add  (EDTA) were 
not successful because "normal" plasma samples were consistently pyrogenic. 812  ENDOGENOUS PYROGENS AND  GRANULOCYTES 
TABLE I 
Leuco~teC~nts  ~Norm~ Rabbits afl~Intrav~slnj~ti~ 
Minutes after  Injection 
Rabbit 
o  I  I  ,5  I  30  I  oo  }  ,2o  I  ,8o  I  2o  I 
1  12,120 
2  9,400 
3  6,800 
4  ] 9,680 
6,920 
5  ,8,400  6 
7  8,440 
8  8,280 
9  8,040 
1-0  , 8,280 
1-1  8,480 
1-2  11,320 
1-3 
1-4 
1-5 
1-6 
1-7 
1-8 
1-9 
2-0 
2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 
3-0 
3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
Endogenous PyrogeninSerum(ghour  serum) 
1,680  19,080  19,960 29,640 20,160 25,760 21,200 
2,760  10,120 11,200 21,760 25,520 18,240 18,280 17,640 
3,320  6,080'  7,720 16,560  9,440  10,680  9,400  10,440 
3,960  9,360  10,280 14,440 18,440 18,200 20,240 23,720 
2,840  4,000  11,200 14,840 23,680 22,160 33,040 28,240 
3,360  8,080 t10,120  17,200 16,520 19,560 12,200  9,400 
Normal Serum 
6,680  8,160  11,760 13,000 11,840 13,320 16,120 14,080 
8,160  13,320  9,680  10,840 11,120 110,960 11,840  9,880 
7,320  5,600 13,320  8,240  8,680  9,640  6,640  8,120 
6,920  10,440 11,360 13,240 10,000  8,480  9,640  9,480 
5,960  9,120  9,960  7,640  12,120 10,680  8,040  8,920 
9,160  14,200 10,800 14,520 12,840 10,640 11,520  8,440 
Endogenous Pyrogen in Plasma (2 hour plasma) 
8,250  3,300  4,450  6,900  12,150 
6,050  3,850  9,500  18,350 11,150 
8,050  6,000  12,700 14,000 19,200 
9,700  3,000  15,050 15,100 19,250 
7,950  3,250  6,300  10,600  8,650 
!13,050  3,000  11,150 17,500 16,750 
Normal Plasma 
10,700  10,600 10,100 I 8,900  8,250 
7,150  6,500  7,450 J 8,65018,250 
8,950  9,950  9,850  11,250 ]12,350 
7,150  6,800  7,500  8,450  10,600 
7,600  7,700  8,950  9,750  9,500 
8,950  8,450  9,450  10,100  9,650 
SupernatantFluid 
17,850  12,100 13,150 16,100 
16,800  11,750 11,350 11,050 
16,200  22,050 15,050 13,800 
22,950  21,850 26,750 19,850 
11,400 t11,100  14,200  7,450 
26,350 ]25,050 26,350 16,500 
9,000  ~ 6,600  7,100  9,300 
10,850  10,100 18,150 14,350 
11,250  8,500  9,650  10,550 
8,950  10,100  8,450  7,700 
9,400  8,350  7,100  8,300 
10,450  7,450  9,250  10,400 
7,680 
9,520 
6,760 
9,160 
8,600 
9,200 
6,100 
11,100 
8,640 
5,460 
!7,420 
9,440 
5,840  5,400  7,120  6,160  9,320  23,080 29,480 14,480 
8,480  10,360 11,160 14,440 18,960 30,280 21,240 18,040 
5,480  4,320  4,920  11,080 14,800 18,400 34,440 15,600 
8,320  8,840  7,120 10,680 14,480 17,000 14,480 15,520 
7,6001  8,080  9,640  9,400  21,440 16,960 21,440 17,320 
8,680 I 8,600  8,120  12,520 24,320 17,720 19,080 14,160 
Leucocyt~Extract 
6,000  8,860  11,700  9,640  10,060 111,500  6,700  11,520 
9,100  12,760 10,520 14,840 18,360 19,940 16,700 16,540 
4,950  11,100  7,760  8,840  9,900  9,060  10,300  8,240 
3,600  4,800  6,460  6,520  5,480  9,040  9,080  9,040 
5,160  6,860  6,880 10,120 17,440 18,860 17,920 11,740 
5,140  18,680 10,460 18,000 10,940 13,060 12,400  9,280 M.  K.  KING 
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Minutes  after  Injection 
Rabbit 
0  I.  I  I  I,,0/+I,°l+ 
3-7 
3-8 
3-9 
4-0 
4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
BacterialPyrogen(TyphoidVaccine) 
8,040  8,200  7,060  10,240 11,260 11,600 
10,640  9,540  11,080  9,460  9,840  8,440 
10,900  7,160  10,800 11,980 13,860 13,160 
5,140  4,760  5,500  4,620  6,040  9,780 
6,940  7,740  7,880  9,320  8,520  10,620 
7,360  11,580 10,480 I 8,160  8,680  14,040 
PhysiologicSaline 
9,360  8,400  10,200 10,360  9,240  8,860  8,820 
11,280  11,020 12,020 11,260 12,140 12,080 11,300 
7,960  6,260  7,080  7,240  8,960  8,960  7,940 
7,700  10,640 10,480  7,840  9,160  9,160  9,340 
6,740  6,980  7,240  6,900  7,420  7,480  6,680 
7,200  8,060  8,420  7,300  8,720  9,460  6,880 
12,820  11,360 10,160 
7,960  6,920  9,140 
14,700  15,960 16,240 
6,120  4,640  4,060 
6,260  6,920  7,260 
10,980  8,880  10,540 
8,080  8,860 
13,040  11,820 
7,920  7,560 
10,440  10,880 
7,820  6,980 
11,140  8,860 
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FIG. 1. The effect of endogenous  pyrogen in serum and normal serum on the total leucocyte 
count of normal rabbits. Points represent the mean in 6 animals. 
pyrogen in lymphocytes or macrophages have not been successful (3). It seemed 
appropriate,  therefore,  to  determine  whether  the  marked  fluctuation  in  the 
level of circulating leucocytes was due primarily to changes in the number of 
granulocytes.  Consequently,  the  above  experiments  were  repeated  with  dif- 
ferential counts being made at 1, 5, and 120 minutes. The results are shown in 
Fig. 3;  cells of the  granulocytic  series almost completely disappeared  during 
the  first  5  minutes,  and  then  reappeared  in  very large  numbers  at  2  hours. 814  ENDOGENOUS  PYROGENS  AND  GRANULOCYTES 
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Fzo. 2. The effect of endogenous pyrogen in plasma and normal plasma on the total leuco- 
cyte count of normal rabbits. Points represent the mean in 6 animals. 
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FIG. 3. The effect of endogenous serum pyrogen on the total granulocyte count of normal 
rabbits. Points represent the mean in 6 animals. 
A Comparison of the Effects of Supernatant Fluid and Leucocytic Extract from 
Acute Inflammatory  Exudates of Donor Rabbits on the Level of Circulating Leu- 
cocytes in Normal  Recipient  Rabbits.--The  effect on  circulating leucocytes of 
the  administration  of  20  ml.  of  supernatant  fluid  intravenously  to  normal 
rabbits is shown in Fig. 4, The anticipated leucopenia did not occur, although M. K.  KING  815 
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FIG. 4. The effect of supernatant fluid from sterile peritoneal exudates, leucocytic extract, 
diluted typhoid vaccine, and physiologic saline on the total leucocyte count of normal rabbits. 
Points represent the mean in 6 an/reals. 
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Fro.  5. A  comparison of the mean fever indices from each group of 6 rabbits included in 
Figs. 1, 2, and 4. 
a  marked leucocytosis consistently developed after 2 or 3 hours.  The effect of 
an extract of 400 to 600 million leucocytes diluted to a volume of 20 ml. with 
physiologic saline  and injected  in  the  same manner is also shown in  Fig.  4; 
the leucopenia was less marked than that which follows the administration of 
serum pyrogen and a  conclusive leucocytosis failed to develop. 816  ENDOGENOUS  PYROGENS  AND  GRANULOCYTES 
Typhoid vaccine was diluted (1:2000)  in a  total volume of 20 ml. per dose 
until it produced a febrile response in normal rabbits comparable in height to 
the fevers following injection of serum pyrogen, leucocytic extract, and super- 
natant  fluid. Despite  the  fact  that  this  dosage is  consistently pyrogenic it 
failed to produce detectable changes in the level of circulating leucocytes. The 
same amount of physiologic saline was also given for comparison. The results 
are also shown in Fig. 4. 
Comparison of the Fever Producing E~ects o] the Pyrogens Used in these Experi- 
ments.--The mean fever index for each group of rabbits receiving a  different 
pyrogen is shown in Fig. 5.  The fevers resulting from the administration of 
endogenous pyrogen in serum or plasma, leucocytic extract, supernatant fluid, 
and diluted typhoid vaccine are closely comparable in amount. Thus, with the 
fever-producing dose alike in each instance, the effects of the various endogenous 
pyrogens upon circulating leucocytes can be compared. 
DISCUSSION 
It is evident from the results of the present studies that endogenous pyrogen 
present in rabbit  serum or plasma produces marked changes in the level of 
circulating leucocytes following intravenous injection into normal recipients. 
The leucopenia is sudden and marked, thus resembling the fall in white blood 
cells following the injection of a  bacterial pyrogen. However, in contrast, the 
endogenous  pyrogen-induced  leucopenia  is  much  briefer,  being  no  longer 
detectable after 15 to 30 minutes. The marked leucocytosis which later follows 
the intravenous injection of endogenous pyrogen in serum has previously been 
demonstrated by Petersdorf et al.; similar results were obtained in the present 
studies. The failure of these authors to demonstrate a significant leucopenia was 
apparently due to the fact that their first white cell counts were not made until 
30  minutes  after  injection  (12). 
The brevity of the leucopenia following the injection of endogenous pyrogen 
in serum or plasma suggests that the granulocytes have temporarily become 
stuck to capillary endothelium or become sequestered in the lungs, liver, or 
spleen. The rapid reentry of the same cells into the circulation would account 
for the sudden shift from a marked leucopenia to a leucocytosis in such a short 
period. 
Others have demonstrated that bacterial pyrogens can be administered in 
small  doses  which  will produce  a  significant fever  without  a  demonstrable 
leucopenia  (16).  In  our  experiments  the  amount  of  bacterial  pyrogen  was 
adjusted until it would produce a  fever of comparable height to that of the 
endogenous pyrogens. When this was done no leucopenia or leucocytosis follow- 
ing injection of the bacterial pyrogen could be demonstrated. 
The possibility that the leucopenia which classically follows the injection of 
bacterial pyrogens is caused by the newly formed endogenous pyrogen rather ~.  K. raNO  817 
than by the bacterial pyrogen itself is suggested by these results. No leucopenia 
was evident following injection of an amount of bacterial pyrogen sufficient to 
produce a  significant and easily reproducible  fever. On  the other hand  the 
same fever-producing dose of serum endogenous pyrogen produced a  marked 
effect on circulating leucocytes. 
The  present  results  indicate  that  the  cell-free  fluid  of  sterile  peritoneal 
exudates produces a marked leucocytosis after intravenous injection without a 
preceding leucopenia. This difference from serum endogenous pyrogen might 
be due to dosage; but this explanation seems unlikely in view of the fact that 
the fever-producing dosage is the same and the leucocytosis is quite marked. 
Bennett and  Beeson found no change in  the level of circulating leucocytes 
following injection of supernatant fluid from peritoneal  exudates. However, 
they injected 10 ml. of supernatant fluid instead of 20; and the difference in 
findings, therefore, is probably due to  dosage.  The failure of a  brisk fever- 
producing dose of supernatant fluid to produce a significant leucopenia suggests 
that  there is a  difference between this pyrogen and endogenous pyrogen in 
serum which has not previously been demonstrated by other means. 
Several attempts have previously  been  made to  determine  the effect upon  cir- 
culating leucocytes  of an  intravenous  injection  of whole leucocytes  or  leucocytic 
extract. Weisberger et  al.  reported  a marked leucopenia followed by a leucocytosis 
occurring in rabbits  following the injection of either whole white cells or leucocytic 
extract (17). However,  they reported  that the leucopenia had a mean duration of 
more than 2 hours, thus resembling that which follows injection of bacterial pyrogen. 
As Bennett and Beeson have pointed out (4), these authors did not mention the use 
of precautions  to avoid contamination with bacterial  endotoxins. 
Bennett and Beeson observed no consistent change in the number of circulat- 
ing leucocytes following the injection of leucocytic extract. They state, however, 
that  they did note a  leucopenia following the injection of whole leucocytes. 
In  our  experiments  with  leucocytic  extract  a  consistent  but  not  marked 
leucopenia was produced.  It  should be  pointed out  that particulate matter 
consisting of cellular fragments may influence the results of such studies since 
it is known that leucopenia follows the intravenous injection of foreign protein, 
bacteria, and a wide variety of particulate substances (1). For this reason it is 
difficult to interpret the results obtained from injection of leucocytic extract. 
SUMMARY 
The endogenous pyrogen in the serum or plasma of rabbits 2 hours after the 
intravenous injection of typhoid vaccine had a marked effect on the circulating 
leucocytes of normal rabbits. Immediately following intravenous injection there 
was a  brief, but marked, granulocytopenia which was quickly followed by a 
granulocytosis. Under the same circumstances pooled heterologous serum or 818  ENDOGENOUS PYROGENS AND  GRANULOCYTES 
plasma from normal rabbits produced no fever or significant change in the level 
of circulating leucocytes. 
The  cell-free  fluid  of  sterile  peritoneal  exudates  produced  a  marked  leu- 
cocytosis  without  a  preceding  leucopenia  when  injected  intravenously  into 
normal  rabbits.  When  comparably  pyrogenic  doses  of  typhoid  vaccine  were 
injected  in  the  same manner  no  significant  change  in  the  level of circulating 
leucocytes occurred. 
The  relevance  of  these  findings  to  the  pathogenesis  of  fever  is  discussed. 
The author is indebted to Mrs.  Adryana Puzas and  Mrs. Ellen  Sheets for technical  as- 
sistance. 
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